A mesophilic, Gram-negative, rod-shaped, marine, propionate-oxidizing sulfate reducer (strain M I 6 9 was isolated from a water-oil separation system on a North Sea oil platform. The optimum conditions for growth were 31 OC, pH 68-7.2 and l*5-2.Ooh(w/v) NaCl and 0-1-0*3% (w/v) MgCl,bH,O in the medium. The growth yield with sulfate was 4 6 g cell biomass (mol propionate 0xidized)'l. Strain M16l is nutritionally related to members of the genus Desulfobulbus, but differs in that it has no vitamin requirement and is able to utilize fumarate and malate as carbon and energy sources. Hydrogenase activity measured as hydrogen uptake was mainly membrane-bound and varied with the growth substrate. Highest activity [28 pmol min'l (mg protein 
INTRODUCTION
In North Sea oilfields the formation water present in the porous oil formation rocks is separated from the oil on the deck of oil production platforms. This coproduced formation water contains anions of acetic, propionic and butyric acids (1, 24) which are potential electron donors for bacterial sulfate reduction with the generation of detrimental H,S. Propionate-utilizing enrichment cultures of tentatively identified members of the genus Desulfobulbus have been obtained from samples from an oil well head on a North Sea production platform (24) . Furthermore, members of the Desulfobulbus genus have been detected by oligonucleotide probing in samples from natural microbial communities including those in oilfields (8, 9, 25) .
The GenBank accession number for the 165 rDNA sequence of M16T is
U12253.
However, none of them has been isolated and characterized. The genus Desulfobulbus comprises sulfate reducers oxidizing propionate incompletely to acetate as the end product (23, 29) . So far, only two species have been validly described, the type strain Desulfobulbus propionicus isolated from freshwater mud (29) , and Desulfobulbus elongatus isolated from an anaerobic digester (1 9). In this paper we describe the characteristics and phylogenetic relationships of a marine, rod-shaped sulfate-reducing bacterium belonging to the genus Desulfobulbus. The strain M16T [T = type strain], was enriched and isolated from the water-oil separation system on an oil production platform in the North Sea. Because of significant differences in genotypic, phenotypic and immunological properties between strain MNiT and the two validly described members of the genus Desulfobulbus, we propose to describe strain M 1 6T as a new species, Desulfobulbus rhabdoformis. 
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METHODS
Sources of organisms. Strain M16T was isolated from a water-oil separation system on the deck of the Statijord A field platform in the Norwegian sector of the North Sea. The water was sampled from the inlet separator which separates co-produced formation water from crude oil. The temperature at the sampling point was 38 "C and the pH 7.8, Desulfobulbus propionicus (DSM 2032), D. elongatus (DSM 2908) and ' Desulfobulbus marinus' (DSM 2058) were from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany.
Enrichment, isolation and cultivation. Propionate-oxidizing sulfate reducers were enriched in a defined bicarbonatebuffered, sulfide-reduced, marine medium (28) with 20 mM propionate as organic substrate. The medium was dispensed into 50 ml screw cap bottles which were inoculated with a 5 ml water sample and incubated at 30 "C in the dark. Enrichments with an increase in sulfide concentration and turbidity in three consecutive passages were regarded as positive. Pure cultures were isolated by serial dilution in anoxic agar medium (27) . Medium L20 was used for routine and large-scale cultivation and characterization studies, and it contained (g 1-l): CH,CH,COONa, 3.0; Na,SO,, 7-0; NH,Cl, 0.25 ; KH,PO, . 2H,O, 1 .O ; CaCl, . 2H,O, 0.1 5 ; NaCl, 20; MgC1,.6H2O, 3.0; 1 ml trace element solution SL-10 (30) in distilled water. After autoclaving, the medium was cooled under a steady flow of oxygen-free nitrogen, and then reduced by adding 4 ml 1-1 of an anaerobically filter-sterilized 0-5 M Na,S. 9H,O solution. The pH was adjusted to 6.8 with 1 M Na,CO, and the medium was dispensed into serum bottles or culture tubes.
Morphology. Phase-contrast microscopy (model Labophot ; Nikon, Japan) was used for routine examinations of the cultures. Platinum-palladium shadowed cells were examined in an electron microscope (JEOL 100 CX).
Metabolism and physiology. Bellco 2047 tubes (28 ml) containing 10 ml L20 medium with 5 % (v/v) inoculum were used for nutritional characterization and determination of temperature, pH and salinity optima. Growth was measured as an increase in OD,,,. Stoichiometry of propionate oxidation was measured using 120 ml serum bottles containing 100 ml sulfate-free L20 medium with 30 mM propionate. Sulfate was added from a stock solution to a final growth-limiting concentration of 4, 8 and 12 mM. A bottle with sulfate-free medium was used as a blank. Each bottle was inoculated with 10 ml of a propionate-grown culture. After growth ceased, cell dry mass, propionate, acetate and H,S were determined. Cell dry mass was determined as described by Isaksen & Teske (10) using an CHN analyser (Carlo Erba, model 1106). Propionate consumed for cell material was calculated as described by Widdel & Pfennig (29) . Sulfide was measured by the method of CordRuwisch (5). Propionate and acetate were assayed by gas chromatography using a Hewlett-Packard HP 5890 gas chromatograph, with a Carbowax 20 M capillary column (10 m), a flame-ionization detector, and helium (30 ml min-l) as the carrier gas. Samples were acidified with formic acid and centrifuged prior to injection.
Enzyme assays. Hydrogenase activity was measured by following benzyl viologen reduction at 555 nm in 100 mM Tris/HCl buffer pH 8.5 with H,.
Pigments. Cytochromes and desulforubidin were identified as described previously (14). An acetone/HCl extraction of -470 lyophilized cytoplasmic and membrane fraction was used to distinguish between cytochromes of the c-and b-type (26) .
Fatty acids and quinones. The content of quinones and fatty acids was analysed in 1 g lyophilized cells by Dr R. M. Kroppenstedt, Identification Service, DSMZ.
Serology. Polyclonal antiserum was produced against strain M16T and the binding of antigens was examined by Western immunoblotting of SDS-soluble whole cell extracts (1 2) as described previously (3, 14) .
G + C content of DNA. The G + C content of DNA was determined by both a thermal denaturation method (6) and a chemical method using HPLC to separate and quantify nucleosides (15) . The DNA samples used for the thermal denaturation method and for the chemical method were extracted and purified as described by Silhavy et al. (20) and Beji et al. (2) , respectively. 16s rRNA gene sequencing. Genomic DNA extraction, PCRmediated amplification of the 16s rRNA gene, purification and sequencing of PCR products were carried out according to previously described procedures (14, 17, 18) . The 16s rDNA sequence was manually aligned against representative sequences of the delta Proteobacteria. Pairwise evolutionary distances were computed using the correction of Jukes & Cantor (1 1). The least squares distance of De Soete (7) was used in the construction of the phylogenetic dendrogram from distance matrices. The analyses were carried out by Dr F. A. Rainey, Identification Service, DSMZ. Desulfobulbus rhabdoformis sp. nov. * Data from reference (19) . t Data from reference (29) . nant in several of the cultures after three consecutive passages. A strain designated M16T was isolated in pure culture.
RESULTS
Enrichment and isolation
Morphology
The cells of strain M16T were straight to slightly curved rods with rounded ends. They were single, in pairs or in chains, but did not form aggregates. Cells of various sizes were frequently observed in the same chain (Fig. 1) . Gram staining was negative, and motility and flagella were not observed.
Pigments, fatty acids and quinones
A sulfite reductase of the desulforubidin-type was detected spectroscopically in the cytoplasmic fraction after separation by anion-exchange chromatography (14). The absorption spectrum of the reddish-brown fraction exhibited maxima at 392, 545 and 580 nm typical for desulforubidin (1 3). Cytochromes of the ctype were present in the cytoplasmic and membrane fraction, as revealed by absorption maxima at 41 8,522 and 55 1 nm (21). An acetone/HCl-extractable cytochrome b protohaerne with absorption maxima (in pyridine/NaOH) at 420,523 and 556 nm was detected in the membrane fraction. The following fatty acids were found in strain M16T: (24.5 %), 16: lw5 (4-4%), 16: lw7 (7-9 %), and small amounts of saturated 3-hydroxy fatty acids with a carbon number of 15 and 16. This fatty acid pattern is similar to that of the type strain of D. propionicus (Dr Kroppenstedt, personal communication). The only quinone found in strain M16T was a menaquinone-5(H2), which has previously been reported to be the predominant quinone in Desulfobulbus 1410 (9*4%), 15:O (13*9%), 17: 1~0 6 (24.1 Yo), 18: 1~7
SPP. (4).
Physiology
Temperature and pH optima and other growth characteristics are given in Table 1 (16) . The strain was also able to grow on malate (10 mM) and fumarate (10 mM). Growth by fermentation was observed on lactate, pyruvate, fumarate and malate, but not on ethanol +CO,. Acetate and propionate were the fermentation products. Growth was observed on lactate with sulfate, thiosulfate and sulfite, but not with nitrate. No dismutation of thiosulfate and sulfite was observed. Five-to sevenfold higher hydrogenase activity was found in the membrane than in the cytoplasmic fraction. The activity varied with the growth substrate. The highest 'pecific activty9 28 pmol (mg protein)-l, was measured in the membrane fraction of cells grown on H, or CO,+acetate. The lowest activity, 50 nmol min-l (mg potein)-l, was detected in the membrane fraction of cells grown on propionate+ sulfate. 
Whole-cell protein patterns and serology
Although the Desulfobulbus species have proteins in common with the same electrophoretic behaviour, e.g. in the molecular mass range 120 and 28 kDa, strain M16T contained specific protein bands, e.g. at 34 kDa, which differentiated it from the other Desulfobulbus species (Fig. 3a) .
By using anti-M16 serum, immunoblots of the wholecell protein profiles of D. propionicus, D . elongatus, ' D. rnarinus' and of strain M16T were obtained (Fig. 3b) . Antigen bands with molecular masses of 55 and 62 kDa were found in all Desulfobulbus species tested. However, a number of differences in the antigen profiles of these organisms were evident, with several antigens unique to strain M16*. Thus, the immunoblots discriminated strain M16T from the other Desulfobulbus species.
Phylogenetic analysis and G + C content 16s rDNA sequence analysis of 16s rRNA genes showed that strain M 16T groups within the delta subclass of the Proteobacteria (Fig. 4) . This phylogenetic dendrogram and the 16s rDNA sequence similarity values (not shown) show strain M16T to cluster with the two validly described Desulfobulbus species, D. elongatus and D. propionicus. Strain M 1 6T is equidistantly related to both these Desulfobulbus species with 96.1 YO similarity.
The G + C content of DNA of strain M16T was 50*6mol% as determined by both the thermal denaturation and the chemical method.
DISCUSSION
Strain M16T was tentatively identified as a member of the genus Desulfobulbus since it oxidized propionate incompletely to acetate during dissimilatory sulfate reduction to sulfide and grew fermentatively on lactate and pyruvate producing acetate and propionate (27) . The presence of desulforubidin, menaquinone-5(H2) and a fatty acid pattern detected in described Desulfobulbus species were in agreement with this identification. The 16s rDNA sequence analyses showed that strain M 16* is phylogenetically equidistantly related to the two validly described Desulfobulbus species, D. propionicus and D. elongatus. Thus, strain M 16T shares some characteristics with its phylogenetic relatives, but there are also significant phenotypic, serological and genotypic differences. First, strain M 1 6T has a distinct morphology with rod-shaped cells with rounded ends, appearing single, in pairs or in chains. Second, in contrast to the two validly described Desulfobulbus species, strain M16T is marine, has no vitamin requirement and is capable of growing on malate and fumarate. Third, the DNA G + C content of strain M16T (50-6 %) is 9-10 Yo lower than that of D . Desulfobulbus rhabdoformis (rhabd.o.for'mis. Gr. fem. n. rhabdos rod; L. adj. suffix -formis -like, of the shape of; rhaboforrnis rod-shaped). Cells are non-motile, straight to slightly curved rods with rounded ends, 0-6-1-0 by 1.7-3.5 pm, appearing singly, in pairs or in chains with ceIls of various size. Gram-negative. Strictly anaerobic, metabolism respiratory and/or fermentative. Sulfate, sulfite and thiosulfate serve as electron acceptors. With sulfate as electron acceptor, electron donors are propionate, lactate, pyruvate, ethanol, propanol, malate, fumarate and H 2 + 2 mM acetate. Acetate is formed as the end product of incomplete oxidation. Fermentative growth on lactate, pyruvate, malate and fumarate. Vitamins are not required, and growth occurs optimally with 1-5-2-0 % NaCl and 0-1-0.3 Yo(w/v) MgC1,. 6H20 in the medium. The temperature range for growth is 10-40 OC, the optimum is 31 "C. Optimum pH is 6.8-7-2. Desulforubidin, cytochromes c and b, and menaquinone-5(H2) are present. The DNA base composition is 50.6 mol YO G + C. Isolated from an wateroil separation system on a North sea oil-production platform. The type strain is M16T (= DSM 8777T).
